SUMMARY Thirty two domestic dogs with naturally occurring polyarthritis were investigated to determine the contribution of autoimmunity in the pathological mechanisms. Comparisons were made with canine infective arthritis (12 dogs), osteoarthritis (32), and osteoarthritis secondary to rupture of the cranial cruciate ligament (19). Rheumatoid factors, immune complexes, and complement fixation (Clq binding) were measured in sera and synovial fluids. Compared with normal dogs (32), dogs with rheumatoid arthritis (RA) had increased serum and synovial fluid immune complexes and rheumatoid factors. Increases were generally also seen in dogs with other arthropathies, however. Rheumatoid factors were higher in sera than in synovial fluids. Rheumatoid factors correlated with immune complex levels and complexed rheumatoid factor only in the group of dogs with RA. Both rheumatoid factors and immune complexes may contribute to the pathogenesis of canine RA but are considered to arise as a result of non-specific inflammatory mechanisms in the non-rheumatoid groups.
It has been suggested that a class of naturally occurring canine inflammatory joint disease is similar in many respects to human rheumatoid arthritis (RA). ' 1 Criteria have been defined for the diagnosis of canine RA and essentially they are as propounded by the American Rheumatism Association for use in man. Similarities between human and canine RA include the age of onset (relative to life span), the symmetrical polyarticular presentation, stiffness after rest, and the involvement of mainly peripheral joints, which show swelling and pain. The course of canine RA is progressive and may lead to severe joint destruction and deformities. Radiological findings are variable, but soft tissue swelling is always present and there is usually rarefaction and erosion of bone in one or more joints. Histopathological features include synovial membrane proliferation with villous hypertrophy and lymphocytic infiltration of the supporting layer, including aggregates of plasma cells. Gradually the articular surface becomes covered with destructive pannus. 4 Large numbers of polymorphonuclear neutrophils are invariably seen in the synovial fluid.3 Accepted for publication 3 Antiglobulins (rheumatoid factors) and immune complexes are frequently raised in the sera and synovial fluids in man and have been implicated in the pathological mechanisms of the disease.7 8 There have only been limited studies in the dog; rheumatoid factors were detected in the sera of some affected dogs.9 10 Immune complexes have been found in the sera in canine RA, but only six cases were tested and only three showed any increase.1' To date there has been no compre- Immune complexes were precipitated from sera and synovial fluids with 2-5% polyethylene glycol 6000 (BDH) at 4°C for 90 minutes.2 Each precipitate was washed twice with cold 2-5% polyethylene glycol, resuspended in PBS, and the protein determined by the absorbance at 280 nm in an LKB spectrophotometer.
The immunoglobulin content of the complexes was determined by radial immunodiffusion. Rabbits were immunised with dog IgG at 1 mg/ml in Freund's adjuvant (complete and incomplete) and hyperimmune sera used in 1% a arose gels (in PBS) for radial immunodiffusion.
Five microlitre samples were added to wells and incubated at 37°C for 24 hours. Precipitin rings were measured with a vernier micrometer. Purified dog IgG was used to prepare a standard curve. Although the rabbit antisera had some reaction with light chains (by ELISA), the major reaction was to IgG and there was no precipitation with either purified dog IgA or IgM.
Clq BINDING ASSAY Human Clq (Sigma) was coated onto micro-ELISA plates (Flow Ltd) at 10 [tg/ml in PBS. Serum samples and synovial fluids, diluted 1/100 in PBS/Tween (0-05%), were added to the plates. After incubation at 37°C for one hour the plates were washed with PBS/Tween and bound immunoglobulins detected with rabbit antidog IgG (1/1000 in PBS/Tween). Alkaline phosphatase conjugated goat antirabbit IgG was used for secondary antibody measurement, followed by the substrate (p-nitrophenyl phosphate). Figure 1 shows the results of the IgM rheumatoid factor assays. In both sera and synovial fluids dogs without joint disease had low levels of rheumatoid factor compared with the groups with arthropathy. Many of the dogs with rheumatoid disease had raised serum rheumatoid factor-that is, more than 988 Carter, Bell, Bari, Bennett two standard deviations above the mean of the normal dogs (31/32). Synovial fluid rheumatoid factor was lower than serum rheumatoid factor in all groups, particularly in normal dogs, in which the rheumatoid factor was usually zero. The rheumatoid factor levels were generally much higher in synovial fluids in the rheumatoid-like group than in the synovial fluids from the control group (66/68 ¢2SD of the mean). Similarly, increased levels were detected in sera and synovial fluids in dogs with infective arthritis, osteoarthritis, and cruciate disease. Table 1 shows the statistical analyses. Comparisons of the data when rheumatoid factor measurements were available for synovial fluids and sera from the same dog showed lower levels of rheumatoid factor activity in the synovial fluids.
Linear regression analysis ( with normal dogs, however, dogs with arthritic changes had statistically increased levels of synovial fluid complexes, as measured by protein content. The increases were seen in all four groups (Table 2 ).
Statistically, there was no difference between the levels in the different patient groups tested. Measurement of the immunoglobulin content of the synovial fluid precipitates paralleled the total protein measurement, and a correlation was found in normal dogs and all of the four patient groups (r¢0-874; p<0-01O-001). Complexed immunoglobulin was found in both the sera and synovial fluids in normal dogs, and increased amounts were (Fig. 2) . The high concentrations recorded in the control dogs were often more than the total protein, as calculated by absorbance at 280 nm, but this is at best a crude estimate. The only group with a significant increase were the dogs with RA, which showed an increase in both sera and synovial fluids (p<0.05-O001).
Clq BINDING MATERIAL
The solid phase Clq binding assay showed increased complement fixing complexes in the serum samples of some dogs in all the arthritides groups (Fig. 3) . In comparison with the control group, the increases were significant in all the disease groups: rheumatoid arthritis p<0-01, osteoarthritis p<0.001, cruciate rupture p<0-01, infective arthritis p<0001. This study showed that dogs suffering from various arthritides have, in common with man, a number of autoimmunological features which may be important in disease pathogenesis. The finding of rheumatoid factors in canine RA sera is not a new one, though previous studies have only used agglutination methods.9 10 Synovial fluid rheumatoid factor levels have not been extensively studied; the one available report describes results from only 12 dogs.'7 Some workers have measured serum immune complexes previously in dogs with connective tissue disorders by using a heterologous system of binding to human Clq, but only in those with cruciate disease.1' No reports have been found of analyses of immune complexes from dog synovial fluids.
Normal dogs had lower levels of rheumatoid factor than dogs with joint diseases. As in man, however, the use of a rheumatoid factor assay in the dog does not appear to be able, alone, to distinguish rheumatoid arthritis from other joint diseases; increased amounts of rheumatoid factor were also found in some dogs with osteoarthritis (including those with cruciate disease) and infective arthritis. In contrast with man, very high levels of rheumatoid factor were not found in any of the dogs with RA,23 afinding previously reported in the canine disease .9 10 Assessment of clinical disease activity in the dog is difficult and only generally possible by radiography.2
Both erosive and non-erosive forms ofcanine RA had raised rheumatoid factor and immune complexes; indeed there were no apparent differences between the two groups in any of the laboratory measurements, suggesting that the same pathological mechanisms are at work in both. Probably, they are different presentations ( 
